Abstract The aim of the study was to investigate the stabilising effect of dynamic interspinous spacers (IS) in combination with interlaminar decompression in degenerative low-grade lumbar instability with lumbar spinal stenosis and to compare its clinical effect to patients with lumbar spinal stenosis in stable segments treated by interlaminar decompression only. Fifty consecutive patients with a minimum age of 60 years were scheduled for interlaminar decompression for clinically and radiologically confirmed lumbar spinal stenosis. Twenty-two of these patients (group DS) with concomitant degenerative low-grade lumbar instability up to 5 mm translational slip were treated by interlaminar decompression and additional dynamic IS implantation. The control group (D) with lumbar spinal stenosis in stable segments included 28 patients and underwent only interlaminar decompression. The mean follow-up was 46 months in group D and 44 months in group DS. A visual analogue scale (VAS), Oswestry Disability Index (ODI) and walking distance were evaluated pre-and postoperatively. The segmental instability was evaluated in flexion-extension X-rays. The implantation of an IS significantly reduced the lumbar instability on flexion-extension X-rays. At the time of follow-up walking distance, VAS and ODI showed a significant improvement in both groups, but no statistical significance between groups D and DS. Four patients each in groups D and DS had revision surgery during the period of evaluation. The stabilising effect of dynamic IS in combination with interlaminar decompression offers an opportunity for an effective treatment for degenerative low-grade lumbar instability with lumbar spinal stenosis.
Introduction
In 1954 Verbiest [1] was the first to explain the pathology of spinal stenosis. He declared that lumbar spinal stenosis refers to a pathological condition resulting in the narrowing of the spinal canal and compression of the neurological structures. Lumbar spinal stenosis is therefore a clinical condition and not a radiological finding or diagnosis. The most common cause of lumbar spinal stenosis is degenerative disc disease; therefore, especially elderly people in increasing numbers require spinal decompression surgery [2] . Further reasons for lumbar spinal stenosis can be disc herniation [3, 4] , hypertrophy of the ligamentum flavum, spondylolisthesis, disc bulge, degenerative facet joint arthritis and thickened laminae [3, 5, 6] . The compression of the neurological structures leads to a reduction in walking distance, weakness, numbness and tingling. The symptoms increase in lumbar extension and are relieved in lumbar flexion [7] . On the other hand degenerative spondylolisthesis, described by Newman [8] in 1955, causes segmental instability with sagittal and axial malalignment, which induces local back pain. The primary levels of lumbar instabilityaffected are L4-5, followed by L3-4, L5-S1, L2-3 and L1-2 [1, 9, 10] . With the population continuously aging, the incidence of surgical decompression will rise. When conservative physical therapy fails, decompression of the spinal canal is recommended to improve walking distance and relieve pain.
To avoid postoperative segmental instability, interlaminar decompression surgery with only partial laminectomy, undercutting and preservation of the facet joint is preferred.
During the last few years there has been a growing tendency towards small interventions in spinal surgery [7] .
The idea and function of interspinous spacers (IS) is the enlargement of the neuroforamen, load relief for the intervertebral disc, reduction of extension, limitation of segmental movement and segmental buffering [11] . Very little clinical data are available about interspinous spacers, especially dynamic spacers, exerting a stabilising effect in low-grade lumbar instability.
The retrospective cohort study design does not usually interfere with the regular clinical diagnostic and treatment decision making process. Clinicians are not asked to compromise their clinical judgment and can treat patients as they would usually [12] .
In this retrospective cohort study we investigated the stabilising effect of dynamic IS in combination with interlaminar decompression in degenerative low-grade lumbar instability with lumbar spinal stenosis and compared its clinical effect to patients with lumbar spinal stenosis in stable segments treated with pure interlaminar decompression.
Material and methods
Between 2002 and 2007, 50 consecutive patients, 36 women and 14 men, with lumbar spinal stenosis were included in this cohort study with retrospective evaluation of clinical and radiological data. The minimum age of the patients was 60 years (mean: 72 years; SD: 7.4; range: 60-84 years). The patients suffered either from isolated lumbar spinal stenosis or from lumbar spinal stenosis combined with degenerative low-grade lumbar instability up to 5 mm translational slip on functional X-rays analogous to grade 1 spondylolisthesis. Patients were scheduled for decompression of lumbar spinal stenosis up to three segments due to spinal claudication mainly with leg pain and reduced walking distance. In this time period 234 patients with a minimum age of 60 years were treated by decompression of lumbar spinal stenosis and dorsal fusion of the lumbar spine for degenerative lumbar instability. Criteria of exclusion were age under 60 years, severe segmental lumbar instability more than grade 1 spondylolisthesis, previous lumbar surgery, acute fracture, paraplegia, cauda equina syndrome, local infection or tumours and metastases. Compression of the spinal cord was confirmed by preoperative magnetic resonance imaging (MRI). Patient selection to concomitant interspinous spacer implantation was preoperatively defined by a radiologically verified degenerative low-grade lumbar instability up to 5 mm translational slip on functional X-rays, confirmed by the surgeon through intraoperative mechanical testing for segmental instability by pulling the spinous process. Twenty-eight patients with isolated lumbar spinal stenosis underwent interlaminar decompression (group D: control group) with undercutting and preservation of the facet joint. In 22 patients with combined degenerative low-grade lumbar instability and spinal stenosis a dynamic IS (DIAM™, "Device for Intervertebral Assisted Motion", Medtronic, Fridley, MN, USA) was additionally implanted after interlaminar decompression (group DS). All surgical interventions in both groups were performed by two surgeons.
We examined the mean duration of preoperative symptoms relating to spinal stenosis until surgical intervention and the body mass index (BMI). A visual analogue scale (VAS) for leg pain, Oswestry Disability Index (ODI) and walking distance were evaluated preoperatively and at follow-up. Walking distance was grouped in ≤50, ≤500, ≤ 2,000 and >2,000 m (means unlimited walking distance) before the operation and at follow-up.
For evaluation of segmental movements we measured the translational slip as well as the intervertebral angle on flexion and extension X-rays (flexion-extension angle). The segmental instability was measured with the AGFA Impax ES software (Mortsel, Belgium) measurement tools on preoperative and follow-up digital radiographs. The digital measurements were independently performed by two orthopaedic surgeons and one radiologist and the mean of the three values was taken for further calculations.
All values are given as mean and range. We used the paired samples t test for statistics and considered a p value<0.05 to be significant. Normality was compared between the groups by using the Mann-Whitney U test. For binomial distribution the McNemar test was used. Non-parametric variables between the two groups were analysed by the chi-square test. All statistical calculations were performed using SPSS 11.5.
Results
The two groups showed a homogeneous distribution of preoperative score results and walking distance. The mean follow-up of clinical and radiological measurements was 46 months (range: 24-98 months) in group D and 44 months (range: 24-60 months) in group DS (Table 1) .
Patients from group D declared a mean preoperative pain latency of 28 months (range: 3-108 months) and patients from group DS of 32 months (range: 6-108 months) ( Table 1) .
The mean BMI in group D was 28 (range: 20-39) and 31 (range: 22-47) in group DS.
In group D 16 patients had decompression in one segment, nine patients in two segments and three patients in three segments (Table 1) . In group D the most frequent singlestage decompression was at the segment L4-5 in 12 patients (43%), two-stage decompressions were most frequent from L3 to L5 in six patients (21%) and three-stage decompressions were done in two patients (7%) at stage L2 to L5. In group DS interlaminar decompression in one segment was carried out on 16 patients, two segments on four patients and three segments in only one patient, whereas ISs were implanted at one level in 20 patients and three levels in one patient (Table 1) . In group DS the most frequent single level interlaminar decompression and same level IS implantation was also at the segment L4-5 in 16 patients (76%); there were no implanted ISs at two levels but one (5%) at three levels from L2 to L5.
The mean preoperative VAS score was 9 (range: 4-10) in group D and also 9 (range: 5-10) in group DS. The VAS results at follow-up improved significantly to 4 in group D (range: 1-10; p<0.001) and to 3 in group DS (range 1-8; p< 0.001). There was no significant difference between groups D and DS ( Table 1) .
The preoperative ODI showed a mean of 65% in group D (range: 22-86) and 63% in group DS (range: 27-93).
The ODI results at follow-up decreased significantly to 27% in group D (range: 0-62; p<0.001) and 23% in group DS (range: 2-46; p<0.001). We could not find a significant difference between groups D and DS (Table 1) .
Patients reported a mean preoperative walking distance of 152 m in group D (range: 50-500 m) and 202 m in group DS (range: 50-1,000 m). At follow-up a general increase in walking distance could be achieved with 2,166 m in group D (range: 50-5,000 m) and 1,462 m in group DS (range: 50-5,000 m). The results showed a significant improvement in walking distance at follow-up in both groups (group D: p<0.001; group DS: p<0.001). There was no significant difference between groups D and DS (Table 1) .
Radiological outcome
In group D the differences of the translational slip between flexion and extension radiographs showed a preoperative mean of 1.5 mm (range: 0-4 mm) and at follow-up a mean of 1.8 mm (range: 0-5 mm) ( Table 1, Fig. 1 ). In group DS a mean preoperative translational slip of 2.3 mm (range: 0-5 mm) was measured and at follow-up a mean of 1.2 mm (range: 0-5 mm) which corresponded to a significant reduction of translational slip (p=0.03) (Table 1, Fig. 1) .
The mean preoperative segmental flexion-extension angle in group D was 5.4°(range: 1-19°) and did not change during the process (Table 1, Fig. 2 ). The mean preoperative segmental flexion-extension angle in group DS was 6.2°( range: 0-11°) and was significantly reduced at the follow-up with a mean of 3.7°(range: 0-7°; p<0.001) ( Table 1, Fig. 2) .
In group D four (14.3%) of 28 patients and also four (18.2%) of 22 patients in group DS were not satisfied with the operative outcome and had to undergo revision surgery ( Table 1 ). The first revision operation was one year after primary surgery because of an implant infection to remove the interspinous spacer. The other revision operations were done for recurrence of pain two years after primary intervention at the earliest and four years postoperatively at the latest. Three patients in group D and three patients in group DS needed dorsal fusion for ongoing instability. One patient in group D had revision of the interlaminar decompression at the same level. One patient from group DS was lost to follow-up because of death from unrelated causes.
Discussion
In our daily clinical routine we frequently encounter patients with lumbar spinal stenosis combined with degenerative lowgrade lumbar instability. These patients were normally scheduled for interlaminar decompression when conservative therapy failed as recommended in the literature [2, 3, 9, [13] [14] [15] [16] [17] . Because posterolateral intercorporal fusion was not indicated in these patients, we performed a dynamic IS implantation at the unstable segments to avoid progressive instability or even stabilise the segment. The idea of our retrospective cohort study was to compare the clinical and radiological results of the patients with lumbar spinal stenosis and concomitant degenerative low-grade instability up to 5 mm translational slip treated with a dynamic IS and interlaminar decompression (group DS) with those patients who had only interlaminar decompression in stable segments with spinal stenosis (group D). Comparing the results of groups D and DS there was no significant difference in the clinical outcome between the groups but a significant stabilising effect of ISs in the radiological outcome. The combination of interlaminar decompression with IS implantation is a relatively new and effective method in the treatment of spinal stenosis combined with a degenerative low-grade lumbar instability up to grade 1 spondylolisthesis. ISs offer the advantage of small and short surgical intervention with low perioperative risk for the patient, and implantation even under local anaesthesia is possible. This can be seen as an advantage especially for elderly patients reducing the perioperative risk.
In the literature there is a controversial discussion of IS to replace microsurgical decompression in patients with lumbar stenosis and continuous claudication. Several studies [4, 10, 11, [18] [19] [20] [21] [22] [23] [24] of different products of IS used for the treatment of degenerative disc disease, degenerative spondylolisthesis and spinal stenosis have been assessed with some good but also some dissatisfying results, depending on the interspinous device and indication criteria for implantation. The interspinous device does not replace microsurgical decompression in patients with massive stenosis and continuous claudication, but offers a safe, effective and less invasive alternative in selected patients with spinal stenosis [10] . Zucherman et al. [22] reported, in a prospective randomised multicentre study, a significant improvement in neurogenic intermittent claudication treated by an interspinous process decompressive system. The two year results of 175 patients with a stiff interspinous spacer showed an improvement in clinical results with VAS and ODI at one and two years follow-up [23] . This spacer does not result in any significant radiographic changes to the lumbar spine. There were no differences between the mean disc heights, curvature of the spine or angulation of the spine after the spacer implantation and the control group compared at one and two years. There was also no difference in the degree of spondylolisthesis between the spacer group and the control groups [23] .
Verhoof et al. [21] reported a high failure rate of the same stiff spacer after short-term follow-up in patients with spinal stenosis caused by degenerative spondylolisthesis. Postoperative radiographs and MRI did not show any changes in the percentage of slip or spinal dimensions. The results of Zucherman et al. [22, 23] and Verhoof et al. [21] concerning the stabilising effect of this device showed that the stiff interspinous spacer did not improve a segmental instability or reduce the degree of a spondylolisthesis. Sobottke et al. [24] reviewed the clinical and radiological results of X-Stop™, Wallis™ and DIAM™ spacers and described an improvement of the radiographic parameters of foraminal height, width and cross-sectional area for the X-Stop™ implant greater than the Diam and Wallis implants; however, there was no significant difference among the three regarding symptom relief. The interspinous implant did not worsen low-grade spondylolisthesis [24] . In our opinion stiff ISs offer an adequate therapy option for lumbar spinal stenosis in stable segments but in unstable segments the repetitive contact between the stiff spacer and the bone leads to bone resorption and loosening of the spacer. Our results with the dynamic IS in low-grade lumbar instability showed a statistically significant reduction in segmental translational slip and flexion-extension angle, which can be explained by the flexibility of the spacer and its redressing fixation with the tethers around the supra-adjacent and subadjacent spinous processes. The preservation of the supraspinous ligament is essential for the stabilising effect of the spacer. Another reason for a long-term stabilising effect of the dynamic IS can be explained by the latticed surface of the spacer where the surrounding soft tissue scar can adhere and induce a longlasting stabilising effect. Kim et al. [19] assessed the IS as an additional treatment to laminectomy and microdiscectomy and noted no alteration in pre-to postoperative disc height or sagittal alignment and no difference in VAS or MacNab outcome scores between the groups treated with (31 patients) or without (31 patients) the IS.
The one year results of the Coflex™ spacer compared with posterior lumbar interbody fusion (PLIF) in two groups of patients with spinal stenosis and mild segmental instability showed significant improvement of VAS and ODI score in both groups, but the Coflex group showed less stress on the superior adjacent level than the PLIF group [25] . This observation would also point to the use of IS for mild segmental instability in elderly patients, especially the dynamic IS should absorb the stress on the adjacent spinous process because of its dynamic effect.
There are relatively new implants, which offer new ideas in the treatment of lumbar spinal stenosis. For stabilising a lowgrade lumbar instability, dynamic ISs seem to have an advantage over stiff IS and show a lower failure rate comparing our follow-up results to those of Verhoof et al. [21] .
In our opinion the combination of interlaminar decompression and dynamic IS offers an effective opportunity for patients with spinal stenosis and low-grade lumbar instability up to grade 1 spondylolisthesis. Further studies will be necessary to prove the long-term effect of ISs in stabilising a low-grade lumbar instability, and further long-term evaluations are necessary to prove if ongoing segmental loosening can be prevented by interspinous spacers.
